We analyzed the changes in absolute lymphocyte count and its changes over time in 139 patients treated with preoperative chemoradiotherapy for locally advanced rectal cancer. The baseline absolute lymphocyte count was defined as the median of absolute lymphocyte count levels measured during 30 days before preoperative chemoradiotherapy. Absolute lymphocyte count at 1 month, 0.5 to 1 year, 1 to 2 years, and 2 to 3 years were determined by the median values of the absolute lymphocyte counts during the respective periods. Absolute lymphocyte count decreased after delivering preoperative chemoradiotherapy, reached minimum level at 1 month, and then gradually increased after the completion of chemoradiotherapy. Baseline absolute lymphocyte count had significant correlations with the absolute lymphocyte count of every period (range of coefficient, 0.41-0.64, P < .001). The overall survival of the group with high baseline absolute lymphocyte count was significantly higher than that of the group with low baseline absolute lymphocyte count (5-year overall survival: 82.4% vs 62.9%, P ¼ .012). In multivariable analyses, the baseline absolute lymphocyte count remained as a significant prognostic factor for overall survival, favoring the group with a high baseline absolute lymphocyte count (hazard ratio ¼ 0.405, P ¼ .017). This study showed that the level of baseline absolute lymphocyte count was an independent prognostic factor, and it correlated with the absolute lymphocyte counts across varying periods of treatments and follow-up in patients treated with preoperative chemoradiotherapy for rectal adenocarcinoma.
Introduction
The level of absolute lymphocyte count (ALC) has been demonstrated as one of the significant prognostic factors influencing survival in several malignancies. Pretreatment lymphopenia has been reported as a poor prognostic factor in patients with advanced cancer. 1, 2 Several studies have shown that treatment-induced lymphopenia is related to the poor survivals in small cell lung cancer, non-small cell lung cancer, pancreatic cancer, nasopharyngeal carcinoma, and high-grade glioma. [3] [4] [5] [6] [7] [8] These studies suggest that ALC levels can act as surrogate markers to represent the level of host immunity and predict overall treatment outcomes.
However, ALC levels also have several limitations in serving as prognostic factors and markers for host immunity. This is because ALC levels show physiological variation along the circadian rhythm. 9 ,10 Also, they can be influenced by lymphotoxic agents such as corticosteroids, irradiation, and chemotherapeutics. 11 Furthermore, they represent only a small portion of the whole lymphocyte pool and do not provide information regarding their specific subpopulation. However, with a large amount of available laboratory data, collected in a daily routine clinical practice, the immunologic and prognostic values of ALC levels can be easily analyzed in all kinds of malignancies under various clinical settings. These thorough investigations offer valuable insights into enhancing the clinical outcomes of cancer therapies in the era of immunotherapy.
In this context, we aimed to investigate the clinical implications of the ALC in patients with rectal cancer receiving preoperative chemoradiotherapy (CRT). Preoperative CRT has been implemented as one of the standards of care in the treatment of locally advanced rectal cancer. 12 Under the setting of preoperative CRT for rectal cancer, some researchers have already reported the potential clinical value of the ALC. 13, 14 The purpose of this study was to depict a comprehensive picture of ALC levels in preoperative CRT for rectal cancer and to analyze the prognostic value of baseline ALC.
Materials and Methods
Using the tumor registry database of our institution, we identified 139 patients with rectal adenocarcinoma who received preoperative CRT between October 2002 and March 2015. For initial staging workup, colonoscopy with biopsy, abdominopelvic computed tomography (CT) and/or pelvic magnetic resonance imaging (MRI), and chest CT or positron emission tomography (PET)-CT were routinely performed. Preoperative CRT was prescribed for patients who had a perirectal infiltration and/or lymph node metastasis on pelvic CT or MRI and a 0-1 of Eastern Cooperative Oncology Group performance status. Additionally, peripheral blood lymphocyte count of each patient was collected from the complete blood count with a differential count, which was performed as a routine clinical practice.
For 3-dimensional radiation therapy (RT), all patients underwent a simulation using a CT scan with 5-mm slice intervals. The clinical target volume (CTV) included the gross tumor, mesorectum, presacral space, and regional lymphatics. The planning target volume was expanded in all directions from the CTV by a margin of 0.5 to 1.0 cm. Radiation therapy was delivered with a dose of 45 to 50.4 Gy with a 3-field technique using posterior and bilateral beams. Three cycles of chemotherapy were routinely administered. Two cycles of chemotherapy were administered concurrently with RT. After the completion of RT, 1 cycle of chemotherapy was repeated. At 4 to 6 weeks after the completion of the last cycle of chemotherapy, surgical resection was performed with low anterior resection or abdominoperineal resection (APR). By the discretion of a surgeon, 2 to 3 cycles of chemotherapy were added after surgery.
For the first year after surgery, the patients were followed up every 3 months. For the next 2 years, they were followed up every 6 months, after which they were checked up annually. We performed an abdominopelvic CT scan at each follow-up visit, and an optional PET-CT scan was performed annually.
We analyzed the patterns of ALC levels across the whole period of diagnosis, treatments, and follow-up. For each patient, we found a representative ALC value during each period by measuring the median ALC value during each respective period. Specifically, we set the start day of preoperative CRT as a reference time point, and we selected the following representative values from 5 different periods in each patient: (1) baseline value (À30 to 0 day), (2) value at 1 month (20-40 day), (3) value at 0.5 to 1 year, (4) value at 1 to 2 years, and (5) value at 2 to 3 years. With other clinical parameters affecting overall survival (OS) and disease-free survival (DFS), we analyzed the prognostic values of ALC levels. We divided the 2 groups according the median value of ALC. The comparison between 2 groups was analyzed with w 2 or Fisher exact test for categorical variables and Student t test or Mann-Whitney U test for continuous variables. The survival time was defined as the interval between the start date of preoperative CRT and date of last follow-up visit or events of death or recurrence. Survivals were calculated by the Kaplan-Meier method. The log-rank test and proportional hazard regression model (enter method) were used for univariable and multivariable analyses, respectively. Variables with a P value of less than .1 by a univariable analysis were entered for a multivariable analysis. We tested interactions among potential confounders by adding an interaction term to the Cox proportional hazards regression model. Two-sided P values less than .05 were considered statistically significant. All statistical analyses were performed using R statistical packages. 15 This study was performed in accordance with the Helsinki II Declaration and were reviewed and approved by the institutional review board of Ajou University Hospital (AJIRB-MED-MDB-16-460). Acquisition of written informed consent was exempted.
Results
Peripheral blood ALC of 139 patients across the whole period of diagnosis, treatments, and follow-up are illustrated in Figure 1 . The ALC trend line showed an abrupt decrease just after the start of preoperative CRT, reached its minimum level around 1 month, and then gradually increased over the period of surgery, adjuvant chemotherapy, and follow-up time. The median values of ALC at baseline, 1 month, 0.5 to 1 year, 1 to 2 years, and 2 to 3 years were 1993/mL (range, 720-4557), 728/mL (range, 247-2291), 1071/mL (range, 381-3050), 1269/ mL (range, 403-3074), and 1527/mL (range, 419-3280), respectively (Figure 2A and B) . The level of ALC showed inter-and intraindividual variabilities at every period. The interindividual variability decreased at a period of 1 month, and afterward it increased over time. Baseline ALC showed significant correlations with the lymphocyte counts at every time point (range of correlation coefficient, 0.41-0.64, P < .001; Figure  2C ). Using the median value of baseline ALC (1993/mL), we divided patients into 2 groups as high versus low baseline ALC. Between the groups with high and low baseline ALC, there was no significant difference in patient characteristics ( Table 1 ).
The mean ALC for the groups with high and low baseline count were 2530/mL and 1588/mL, respectively (P < .001).
The follow-up time of 139 patients ranged from 3.6 to 125.9 months (median, 49.6), and the 5-year DFS and OS were 63.4% and 72.5%, respectively. The OS of the group with high baseline ALC was significantly higher than that of the group with low baseline ALC (5-year OS: 82.4% vs 62.9%, log-rank P ¼ .012; Figure 3A ). The group with high baseline ALC showed favorable DFS over the low baseline ALC group (5-year DFS: 75.6% vs 49.3%, logrank P ¼ .072; Figure 3B ). Between the 2 groups, there were no significant differences in locoregional recurrence (7.1% vs 7.2%, P ¼ 1.000), distant metastasis (11.4% vs 21.7%, P ¼ .159), and both locoregional and distant failure rate (1.4% vs 1.4%, P ¼ 1.000). There was no significant difference in the rate of cancer-related death between the groups with high and low baseline ALC (10.1% vs 18.6%, P ¼ .241).
Furthermore, we analyzed the prognostic values of the baseline ALC with other clinical parameters. Univariable analyses for clinical parameters affecting survivals are presented in Table 2 . Pathologic responses (pathologic T/N stage) after preoperative CRT were significant factors affecting both DFS and OS. In multivariate analyses, pathologic N stage was a significant prognostic factor for both DFS (hazard ratio [HR] ¼ 3.258, P ¼ .001) and OS (HR ¼ 4.309, P < .001; Table 3 ). Pathologic T stage showed significant prognostic value for OS (HR ¼ 3.110, P ¼ .049) but not for DFS (HR ¼ 2.118, P ¼ .100). The baseline ALC remained a significant prognostic factor for OS, favoring the group with the ALC high group (HR ¼ 0.405, P ¼ .017). Concerning DFS, the baseline ALC showed marginally significant prognostic value (HR ¼ 0.552, P ¼ .088). The level of ALC at 1 month showed no significant differences in both OS and DFS between the high and low ALC groups (Figure 3C and D) . At 0.5 to 1 year, there were significant differences in ALC for survival, which also favored the high ALC group (Figure 3E and F) .
Acute toxicities related to CRT are summarized in Table 4 . Lymphopenia and anemia with grade !3 developed more in the group with low baseline ALC than in the high baseline ALC group.
We compared survivals of the group showing grade !3 CRTrelated lymphopenia (< 500/mL) with those of grade 0 to 2 (!500/ mL), and there were no significant differences in OS (5-year OS: 67.9% vs 79.7%, log-rank P ¼ .089) and DFS (5-year DFS: 56.5% vs 71.5%, log-rank P ¼ .607) between the 2 groups.
Discussion
In this study, we investigated the patterns of ALC levels from the time of diagnosis to the time of long-term follow-up and observed that the peripheral blood ALC had a specific change pattern depending on the phase of treatments. Specifically, ALC dropped immediately after the start of preoperative CRT, reached its minimum level at 1 month after the start of CRT, and gradually increased although not normalizing even after 3 years. That ALC abruptly fell to its minimum levels during preoperative CRT implies that CRT is a major cause of decrease in ALC. In fact, it is well known that CRT induces radiation-related lymphopenia in various malignancies, [3] [4] [5] [6] [7] [8] and the decrease in count during the acute phase is contributed mainly by irradiation of circulating lymphocytes when passing Abbreviations: CEA, carcinoembryonic antigen; CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; MD, moderately differentiated; OS, overall survival; PD, poorly differentiated; WD, well differentiated.
through the radiation fields. 11, 16 After the completion of preoperative CRT, the level of ALC increased gradually even during the time of surgery and adjuvant chemotherapy. Although the end of radiation leads to a gradual increase in lymphocyte count, lymphocyte homeostasis via interleukin-7 may also contribute to this recovery. 17 However, full recovery to the baseline level was not shown until 3 years after the start of preoperative CRT, possibly due to the long-lasting bone marrow suppression of pelvic irradiation. 18 It has been reported that the level of ALC sampled at various points in time would affect clinical outcomes. Moreover, there are several ALC-related parameters showing prognostic values such as the neutrophil-to-lymphocyte ratio, 19 platelet-tolymphocyte ratio, 20 and the prognostic nutritional index. 21 These reports regarding the prognostic value of the ALC and its derived metrics suggest that the level of ALC itself could be a useful marker to represent host antitumor immunity. However, despite its potential as an immunologic marker, the level of ALC has been considered an unreliable parameter because of its dynamic changes even within a span of few hours. Therefore, we implemented the median level of ALC during periods of specific clinical circumstances to overcome and adjust for its variability. We observed the variability of ALC levels at each time-period (Figure 2A) , which implies that there may be a sampling bias. Because our data was not collected by standardized protocols, but from routine clinical practices, our results for adopting median value may be also biased. However, the consistent correlation between baseline ALC and ALC values of other periods implies that our method can be a reliable strategy in analyzing the ALC data collected in other various clinical settings. To ensure further reliability and clinical validity, further investigations using standardized sampling protocols are warranted. The consistent correlations among the ALC levels in differing periods of time suggest that although absolute value might change depending on clinical circumstances, the relative level in the whole population remains stable. The results of this study showed that the baseline ALC had a significant prognostic value in patients treated with preoperative CRT for rectal cancer. Considering the correlation of ALC levels is relatively stable, the prognostic value of ALC should also be stable regardless of its timings. Our results showed that the ALC at 0.5 to 1 year after the start of preoperative CRT had a significant prognostic value ( Figure 2E and F) . However, there were no significant differences in DFS and OS with the count at 1 month ( Figure 2C and D) . This loss in prognostic value of the ALC at 1 month may be explained by the loss of discriminating power due to the relatively narrow range of ALC values. These findings suggest that the optimal time to measure lymphocyte counts for prognostic value would be during periods of high standard deviation, such as the periods of diagnostic workups.
Despite no differences of patient characteristics between groups with high and low baseline ALC, the results of this study show that the baseline ALC was an independent prognostic factor affecting OS and a marginally significant value for DFS. These findings suggest that the level of ALC might be related to the level of host immunity, which could suppress the cancer progression. 22 However, superior OS favoring the high ALC group was not fully explained by the high trend of its DFS, suggesting the presence of other lymphocyte-associated factors affecting OS. Low ALC may have limited the use of additional salvage chemotherapy or lowered its treatment responses. Also, lymphopenia may have contributed to the higher risk of infection. These unexplained factors should be investigated in terms of immunologic perspective because ALC can be a prognostic or predictive factor in the use of immunotherapy. 23 The results of this study are limited due to its retrospective design with a lack of information regarding detailed lymphocyte subpopulations. Moreover, ALC was checked at large periods of time and it made impossible to determine the specific time of checking of ALC for prognostic value. However, this study described the trend of ALC across the whole clinical course and showed the prognostic value in rectal cancer treated with preoperative CRT. Given the huge available amount of laboratory data during clinical practices and trials, further studies may be conducted to confirm the immunologic and prognostic value of ALC in various clinical settings including the use of immunotherapy.
In conclusion, baseline ALC was significantly correlated with other counts across the periods of treatments and even follow-up. The baseline ALC was an independent significant prognostic factor in patients treated with preoperative CRT for rectal adenocarcinoma. Further studies are warranted to investigate the correct timing of ALC count and the ALC value, which can be used to stratify patients.
